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(54) Injection apparatus and method of controlling the same 



(57) An injection apparatus which can reduce fric- 
tional resistance which acts on resin during an injection 
step to thereby prevent variation in a reference position 
and improve quality of molded products. The injection 
apparatus comprises a heating cylinder; a screw dis- 
posed within the heating cylinder to be rotatabie and 
reciprocatable, the screw having a flight portion in which 
a flight is formed on an outer circumference of a screw 
body, and a screw head disposed at a front end of the 
flight portion; a first drive unit for rotating the screw; a 
second drive unit for advancing and retracting the 
screw; a screw-advancement control unit for driving the 



second drive unit in an injection step in order to advance 
the screw at a predetermined screw speed; and a flight 
speed control unit for driving the first drive unit in the 
injection step in order to advance the flight at a flight 
speed that is apparently lower than the screw speed. 
Since the frictional resistance acting on resin in the 
vicinity of the inner circumferential surface of the heat- 
ing cylinder can be reduced, during the injection step, 
the injection force can be made to correspond to the 
injection pressure, so that a sufficiently large injection 
pressure can be generated. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention: 

[0001] The present invention relates to an injection 
apparatus and a method of controlling the same. 

Description of the Related Art: 

[0002] Conventionally, an injection apparatus is dis- 
posed in an injection molding machine. A screw is dis- 
posed within a heating cylinder of the injection 
apparatus such that the screw can be rotated and recip- 
rocated by a metering motor and an injection motor. A 
spiral flight is formed on the outer circumferential sur- 
face of the screw, so that a groove is formed by the 
flight. 

[0003] When the screw is rotated in a forward direc- 
tion during a metering step, pellets of resin which have 
fallen from a hopper are melted, and molten resin is 
caused to advance along the groove. As a result, the 
molten resin is accumulated on the front side of a screw 
head, and the screw is retracted accordingly. 
[0004] In order to enable the above-mentioned 
metering operation, a resin supply section to which pel- 
lets of resin are supplied from the hopper, a compres- 
sion section in which the supplied resin is melted while 
being compressed, and a metering section in which a 
predetermined amount of the molten resin is measured 
are formed on the screw, in this order from the rear end 
toward the front end. The resin in the groove assumes 
the form of pellets in the resin supply section, comes 
into a semi-molten state in the compression section, 
and is melted completely into liquid in the metering sec- 
tion. The resin supply section, the compression section, 
and the metering section constitute a flight portion. In 
the case in which the outer circumferential surface of 
the screw and the inner circumferential surface of the 
heating cylinder are of equal surface roughness, when 
the screw is rotated during the metering step, the resin 
within the groove rotates together with the screw and 
does not advance. In order to avoid this problem, in gen- 
eral, the inner circumferential surface of the heating cyl- 
inder is made rougher than the outer circumferential 
surface of the screw. 

[0005] When the screw is advanced during an injec- 
tion step, the resin accumulated in front of the screw 
head is injected from an injection nozzle and charged 
into a cavity of a mold unit. In order to prevent backflow 
of the resin accumulated in front of the screw head, 
which backflow would otherwise occur during the injec- 
tion step, a backflow prevention unit is disposed around 
the screw head. The backflow prevention unit includes 
an annular backflow prevention ring which is disposed 
to surround a shaft portion of the screw head, and a 
press metal plate fixed to the front end of the flight por- 



tion of the screw. Upon rotation of the screw, the back- 
flow prevention ring assumes a communication position 
at which the space on the front side of the screw head 
communicates with the flight portion, and a shut-off 

5 position at which the communication between the space 
on the front side of the screw head and the flight portion 
is broken. Accordingly, when the screw is rotated in the 
reverse direction after completion of the metering step 
to thereby move the backfiow prevention ring to the 

70 shut-off position, backflow of the resin accumulated in 
front of the screw head is prevented. 
[0006] Incidentally, if the pressure of resin in front of 
the screw head upon starting of the injection step; i.e., 
injection pressure, involves variation, sink marks and 

15 burrs are formed on molded products, resulting in dete- 
rioration in quality of the molded products. In order to 
overcome this problem, the following operation 
sequence is employed. After completion of the metering 
step, the backflow prevention ring is moved to the shut- 

20 off position, and the screw is temporarily advanced. 
When the injection pressure reaches a preset pressure, 
advancement of the screw is stopped, and the stopped 
position of the screw is stored in a memory as a refer- 
ence position. Subsequently, the screw is retracted from 

25 the reference position so as to perform a suck-back 
operation. Subsequently, the injection step is started in 
order to advance the screw by a preset distance from 
the reference position. The preset distance is calculated 
on the basis of a quantity of resin to be charged into the 

30 cavity, and a distance over which the screw is retracted 
during the suck-back operation. 
[0007] As described above, during the injection 
step, the screw is advanced by a preset distance from 
the reference position, so that the injection pressure can 

35 be maintained at the preset pressure at all times. There- 
fore, formation of sink marks and burrs on molded prod- 
ucts is prevented, and thus the molded products are of 
improved quality. 

[0008] However, the conventional injection appara- 

40 tus has the following drawbacks. Since the inner circum- 
ferential surface of the heating cylinder is made rougher 
than the outer circumferential surface of the screw, 
when the screw is advanced, a large frictional resist- 
ance acts on the resin in the vicinity of the inner circum- 

45 ferential surface of the heating cylinder. In addition, 
since the state of the resin in the groove of the screw 
changes while the resin moves from the resin supply 
section to the compression section and further to the 
metering section, the frictional resistance acting on the 

so resin varies accordingly. 

[0009] Therefore, in the injection step, the injection 
pressure does not correspond to an injection force 
applied to the screw from its rear end, with the result 
that the resin cannot be injected with a sufficiently high 

55 injection pressure, and the injection pressure varies 
with the frictional resistance. 

[0010] As a result, the pressure of resin within a 
mold; i.e., the mold inner pressure, involves variation, 
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with resultant deterioration in quality of molded prod- 
ucts. 

[0011] Moreover, when the screw is advanced to 
the reference position after completion of the metering 
step, a large frictional resistance acts on the resin in the 
vicinity of the inner circumferential surface of the heat- 
ing cylinder, so that the relationship between the injec- 
tion pressure and the position of the screw changes. 
Therefore, even when the screw is stopped when the 
injection pressure reaches the preset pressure, the 
stopped position of the screw varies. As a result, the ref- 
erence position varies, which lowers the quality of 
molded products. 

SUMMARY OF THE INVENTION 

[0012] An object of the present invention is to solve 
the above-mentioned problems in the conventional 
injection apparatus, and to provide an injection appara- 
tus and a method of controlling the same which can 
reduce frictional resistance which acts on resin during 
an injection step to thereby prevent variation in a refer- 
ence position and improve quality of molded products. 
[0013] In order to achieve the above object, the 
present invention provides an injection apparatus com- 
prising: a heating cylinder; a screw' disposed within the 
heating cylinder to be rotatable and reciprocatable, the 
screw having a flight portion in which a flight is formed 
on an outer circumference of a screw body, and a screw 
head disposed at a front end of the flight portion; first 
drive means for rotating the screw; second drive means 
for advancing and retracting the screw; screw-advance- 
ment control means for driving the second drive means 
in an injection step in order to advr.nr^/he screw at a 
predetermined screw speed; and flight speed control 
means for driving the first drive means in the injection 
step in order to advance the flight at a flight speed that 
is apparently lower than the screw speed. 
[0014] Since the frictional resistance acting on resin 
in the vicinity of the inner circumferential surface of the 
heating cylinder can be reduced, during the injection 
step, the injection pressure can be made to correspond 
to the injection force applied to the screw from its rear 
end, so that a sufficiently large injection pressure can be 
generated. 

[0015] Further, even though the state of the resin 
within the groove formed by the flight changes while the 
resin moves within the flight portion, the frictional resist- 
ance acting on the resin can be maintained constant, so 
that the injection pressure can be stabilized. Therefore, 
the mold inner pressure can be stabilized, whereby 
quality of molded products can be improved. 
[0016] Since a sufficiently large injection pressure 
can be generated, the injection force can be decreased 
accordingly. Therefore, the size and cost of the injection 
apparatus can be reduced. In addition, since the fric- 
tional resistance decreases, the quantity of shear-gen- 
erated heat in resin decreases, so that burning of resin 



can be prevented. 

[0017] Preferably, a backflow prevention ring is dis- 
posed to surround the screw head. Upon rotation of the 
screw, the backflow prevention ring rotates by a prede- 

5 termined amount relative to the screw head to assume 
a communication position in which a space on the front 
side of the screw head communicates with the flight por- 
tion, and a shut-off position in which the communication 
between the space on the front side of the screw head 

to and the flight portion is broken. 

[0018] In this case, reverse flow of resin toward the 
flight portion can be prevented through a simple opera- 
tion of rotating the screw in the reverse direction. 
Accordingly, the quantity of resin charged into a mold 

15 during the injection step can be stabilized, so that qual- 
ity of molded products can be improved. Further, since 
the resin pressure within the flight portion during the 
injection step can be stabilized, metering can be per- 
formed stably in the metering step, whereby the thermal 

20 history of the resin can be stabilized, and the tempera- 
ture of the resin can be stabilized. 
[0019] Moreover, since the screw is always rotated 
in the reverse direction during the injection step, the 
backflow prevention ring is always biased toward the 

25 shut-off position. Accordingly, the possibility of the back- 
flow prevention ring being moved to the communication 
position during the injection step due to reception of an 
external force is eliminated, so that reverse flow of resin 
can be prevented. As a result, metering can be per- 

30 formed stably, whereby quality of molded products can 
be improved. 

[0020] Preferably, the speed ratio of the flight speed 
to the screw speed is set to be less than 1 and not less 
than a minimum value set for the type of resin. 

35 [0021] In this case, the frictional resistance acting 
on resin in the vicinity of the inner circumferential sur- 
face of the heating cylinder can be reduced, while the 
resin pressure within the flight portion is prevented from 
becoming negative. 

40 [0022] Preferably, the injection apparatus further 
comprises shut-off control means for rotating the screw 
in the reverse direction in order to move the backflow 
prevention ring to the shut-off position, in a first stage 
before start of the injection step; and resin-pressure 

45 reduction means for rotating the screw in the reverse 
direction in order to reduce the resin pressure within the 
flight portion, in a second stage before start of the injec- 
tion step. 

[0023] In this case, since the frictional resistance 
so acting on the resin can be reduced before start of the 
injection step, the injection pressure can be stabilized 
more effectively. 

[0024] Preferably, the flight speed control means 
advances the flight at a flight speed that is apparently 
55 lower than the screw speed until a predetermined 
period of time has elapsed after start of the injection 
step, and advances the flight at a flight speed that is 
apparently equal to the screw speed after elapse of the 



3 



BNSDOCIO <EP 1077123A2_I_> 



5 



EP 1 077 123 A2 



6 



predetermined period of time. 

[0025] • In this case, since the period of time during 
which the first drive means is driven decreases, the cost 
of operation of the injection apparatus can be reduced. 
[0026] The present invention further provides an 
injection apparatus comprising: a heating cylinder; a 
screw disposed within the heating cylinder to be rotata- 
ble and reciprocatable, the screw having a flight portion 
in which a flight is formed on an outer circumference of 
a screw body, and a screw head disposed at a front end 
of the flight portion; first drive means for rotating the 
screw; second drive means for advancing and retracting 
the screw; first screw-advancement control means for 
driving the second drive means during a period 
between completion of a metering step and start of an 
injection step in order to advance the screw at a prede- 
termined screw speed by a predetermined amount such 
that the screw is positioned at a reference position; flight 
speed control means for driving the first drive means, 
during the advancement of the screw by the predeter- 
mined amount, in order to advance the flight at a flight 
speed that is apparently lower than the screw speed; 
and second screw-advancement control means for driv- 
ing the second drive means in the injection step in order 
to advance the screw at a predetermined screw speed. 
[0027] In this case, during the period between com- 
pletion of the metering step and start of the injection 
step, the screw is advanced by a predetermined amount 
so as to be positioned at the reference position. 
[0028] Therefore, the injection pressure at the time 
of starting the injection step does not involve variation. 
Accordingly, neither sink marks nor burrs are formed on 
molded products, so that the molded products have 
improved quality. 

[0029] Moreover, while the screw is advanced by 
the predetermined amount, the flight is advanced at a 
flight speed that is apparently lower than the screw 
speed, so that the resin slides along the outer circumfer- 
ential surface of the screw and stagnates on the inner 
circumferential surface of the heating cylinder. Accord- 
ingly, the frictional resistance acting on the resin in the 
vicinity of the inner circumferential surface of the heat- 
ing cylinder can be reduced. 

[0030] As a result, the relationship between the 
injection pressure and the position of the screw is pre- 
vented from changing. Therefore, when the screw is 
stopped when the injection pressure reaches the preset 
pressure, the stopped position of the screw becomes 
constant (i.e., is without variation). Accordingly, the ref- 
erence position is prevented from varying, whereby the 
quality of molded products can be improved. 
[0031] Preferably, the flight speed control means 
drives the first drive means during the injection step in 
order to advance the flight at a flight speed that is appar- 
ently lower than the screw speed. 
[0032] In this case, since the frictional resistance 
acting on resin in the vicinity of the inner circumferential 
surface of the heating cylinder can be reduced in the 



injection step, the injection force can be made to corre- 
spond to the injection pressure, so that a sufficiently 
large injection pressure can be generated. 
[0033] Further, even though the state of the resin 
5 within the groove formed by the flight changes while the 
resin moves within the flight portion, the frictional resist- 
ance acting on the resin can be maintained constant, so 
that the injection pressure can be stabilized. Therefore, 
the mold inner pressure can be stabilized, whereby 
w quality of molded products can be Improved. 

[0034] Since a sufficiently large injection pressure 
can be generated, an injection force can be decreased 
accordingly. Therefore, the size and cost of the injection 
apparatus can be reduced. In addition, since the frie- 
rs tional resistance decreases, the quantity of shear-gen- 
erated heat in resin decreases, so that burning of resin 
can be prevented. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 

[0035] The structure and features of the injection 
apparatus and the method of controlling the same 
according to the present invention will be readily appre- 
ciated as the same becomes better understood by refer- 
25 ence to the accompanying drawings, in which: 

FIG. 1 is an enlarged sectional view of a main por- 
tion of an injection apparatus according to an 
embodiment of the present invention; 
30 FIG. 2 is a schematic view of the injection appara- 
tus according to the embodiment of the present 
invention; 

FIG. 3 is a block diagram of a main portion of a con- 
trol circuit for the injection apparatus according to 

35 the embodiment of the present invention; 

FIG. 4 is a schematic block diagram of the control 
circuit for the injection apparatus according to the 
embodiment of the present invention; and 
FIG. 5 is a time chart showing operation of the 

40 injection apparatus according to the embodiment of 
the present invention. 

DESCRIPTION OF PREFERRED EMBODIMENT 

45 [0036] An embodiment of the present invention will 
next be described in detail with reference to the draw- 
ings. 

[0037] FIG. 1 is an enlarged sectional view of a 
main portion of an injection apparatus according to an 

so embodiment of the present invention; and FIG. 2 is a 
schematic view of the injection apparatus according to 
the embodiment of the present invention. 
[0038] In FIGS. 1 and 2, reference numeral 11 
denotes a heating cylinder serving as a cylinder mem- 

55 ber; reference numeral 1 2 denotes a screw which is dis- 
posed within the heating cylinder 1 1 such that the screw 
12 can be rotated and can be reciprocated and which 
serves as an injection member; reference numeral 13 
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denotes an injection nozzle formed at the front end (the 
left end in FIG. 1 ) of the heating cylinder 1 1 ; reference 
numeral 14 denotes a nozzle opening formed in the 
injection nozzle 13; reference numeral 15 denotes a 
resin supply port formed in the heating cylinder 1 1 at a 
predetermined position in the vicinity of the rear end 
(the right end in FIG. 1) of the heating cylinder 1 1 ; and 
reference numeral 16 denotes a hopper attached to the 
resin supply port 15 and adapted to accommodate pel- 
lets of resin. 

[0039] The screw 12 has a flight portion 21 and a 
screw head 27 disposed at the front end of the flight por- 
tion 21. The flight portion 21 includes a spiral flight 23 
formed on the outer circumferential surface of the screw 
body, so that a spiral groove 24 is formed by the flight 
23. In the flight portion 21, a resin supply section P1 to 
which pellets of resin are supplied from the hopper 16, 
a compression section P2 in which the supplied resin is 
melted while being compressed, and a metering section 
P3 in which a predetermined amount of the molten resin 
is measured are formed, in this order from the rear side 
(the right side in FIG. 1) toward the front side (the left 
side in FIG. 1). The diameter of the screw 12 measured 
at the bottom of the groove 24 is set to a relatively small 
value in the resin supply section P1 , and is increased 
gradually from the rear side toward the front side in the 
compression section P2, so that the diameter becomes 
relatively large in the metering section P3. Therefore, 
the clearance between the inner circumferential surface 
of the heating cylinder 1 1 and the bottom of the groove 
24 of the screw 12 is relatively large in the resin supply 
section P1 , and decreases gradually from the rear side 
toward the front side in the compression section P2, so 
that the clearance becomes relatively small in the 
metering section P3. 

[0040] When the screw 12 is rotated in a forward 
direction during a metering step, pellets of resin are 
supplied from the hopper 16 to the resin supply section 
Pi, and molten resin is caused to advance (moved to 
the left in FIG. 1) along the groove 24. As s result, the 
screw 12 retracts (moves to the right in FIG. 1), and the 
molten resin is accumulated on the front side of the 
screw head 27. It is to be noted that the resin in the 
groove 24 assumes the form of pellets in the resin sup- 
ply section P1 as shown in FIG. 1, comes into a semi- 
molten state in the compression section P2 ( and is 
melted completely into liquid in the metering section P3. 
[0041] When the screw 12 is advanced during an 
injection step, the resin accumulated in front of the 
screw head 27 is injected from the injection nozzle 13 
and charged into a cavity of an unillustrated mold unit. 
In order to prevent backflow of the resin accumulated in 
front of the screw head 27 during the injection step, a 
backflow prevention unit is disposed around the screw 
head 27. 

[0042] Specifically, the screw head 27 has a conical 
head body 25 at its front side and a shaft portion 26 at 
its rear side. An annular backflow prevention ring 28 is 



rotatably disposed to surround the shaft portion 26, and 
a press metal plate 29 is fixed to the front end of the 
flight portion 21. The backflow prevention ring 28 and 
the press metal plate 29 constitute the backflow preven- 
5 tion unit. 

[0043] An axially-extending hole 28a is formed in 
the backflow prevention ring 28 at a plurality of positions 
in the circumferential direction; and a cutaway 28b is 
formed at the front end of the backflow prevention ring 

70 28 to extend over a predetermined angle. An engage- 
ment projection 25a formed on the head body 25 is 
received in the cutaway 28b. By virtue of this structure, 
when the screw 12 rotates, the backflow prevention ring 
28 rotates aver a predetermined angle 6 relative to the 

15 screw head 27 and is restricted from rotating further. 
[0044] Meanwhile, an axially-extending hole 29a is 
formed in the press metal plate 29 at a plurality of cir- 
cumferential positions corresponding to those of the 
holes 28a. Accordingly, when the backflow prevention 

20 ring 28 rotates relative to the screw head 27, communi- 
cation between the holes 28a and 29a is established 
selectively. The backflow prevention ring 28 assumes a 
communication position in which the space on the front 
side of the screw head 27 communicates with the flight 

25 portion 21 , and a shut-off position in which the commu- 
nication between the space on the front side of the 
screw head 27 and the flight portion 21 is broken. 
[0045] The rear end (right end in FIG. 2) of the heat- 
ing cylinder 1 1 is fixed to a front injection support 31 , 

30 and a rear injection support 32 is disposed to be sepa- 
rated a predetermined distance from the front injection 
support 31. Guide bars 33 are disposed and extend 
between the front injection support 31 and the rear 
injection support 32, and a pressure plate 34 is dis- 

35 posed such that the pressure plate 34 can advance and 
retract along the guide bars 33. The front injection sup- 
port 31 and the rear injection support 32 are fixed to an 
unillustrated slide base by use of unillustrated bolts. 
[0046] A drive shaft 35 is connected to the rear end 

40 of the screw 12, and the drive shaft 35 is rotatably sup- 
ported by the pressure plate 34 via bearings 36 and 37. 
In order to rotate the screw 12, a metering motor (elec- 
tric motor) 41 is disposed as first drive means; and first 
rotation transmission means composed of pulleys 42 

45 and 43 and a timing belt 44 is disposed between the 
metering motor 41 and the drive shaft 35. Therefore, the 
screw 12 can be rotated forward and backward through 
drive of the metering motor 41 . In the present embodi- 
ment, the electric metering motor 41 is used as the first 

so drive means. However, in place of the electric metering 
motor 41 , a hydraulic motor may be used. 
[0047] A ball screw 47, which is composed of a ball 
screw shaft 45 and a ball nut 46 in mutual screw- 
engagement, is disposed on the rear side (on the right 

55 side in FIG. 2) of the pressure plate 34. The ball screw 
47 serves as motion conversion means for converting 
rotational motion to linear motion. The ball screw shaft 
45 is rotatably supported by the rear injection support 
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32 via a bearing 48, and the bail nut 46 is fixed to the 
pressure plate 34 via a plate 51 and a load cell 52. In 
order to reciprocate the screw 12, an injection motor 53 
is disposed as second drive means; and second rota- 
tion transmission means composed of pulleys 54 and 
55 and a timing belt 56 is disposed between the injec- 
tion motor 53 and the ball screw shaft 45. Therefore, 
when the ball screw shaft 45 is rotated through drive of 
the injection motor 53, the ball nut 46 and the pressure 
plate 34 are moved, whereby the screw 1 2 is advanced 
(moved leftward in FIG. 2) and retracted (moved right- 
ward in FIG. 2). In the present embodiment, the injec- 
tion motor 53 is used as means for moving the pressure 
plate 34. However, in place of the injection motor 53, an 
injection cylinder may be used. 

[0048] Next, a control circuit for the injection appa- 
ratus will be described with reference to FIGS. 3 to 5. 
[0049] FIG. 3 is a block diagram of a main portion of 
a control circuit for the injection apparatus according to 
the embodiment of the present invention; FIG. 4 is a 
schematic block diagram of the control circuit for the 
injection apparatus according to the embodiment of the 
present invention; and FIG. 5 is a time chart showing 
operation of the injection apparatus according to the 
embodiment of the present invention, In the time chart 
of FIG. 5, a positive value indicates that the metering 
motor 41 or the injection motor 53 is driven in the for- 
ward direction; and a negative value indicates that the 
metering motor 41 or the injection motor 53 is driven in 
the reverse direction. 

[0050] In FIGS. 3 and 4, reference numeral 41 
denotes a metering motor; 52 denotes a load celt; 53 
denotes an injection motor; 62 denotes a controller; 64 
denotes an injection servo-amplifi ?r; denotes a 
metering servo-amplifier; 66 denotes a screw-speed 
setting unit serving as screw-speed setting means; 67 
denotes a memory serving as memory means; 68 
denotes a flight-speed setting unit; 71 denotes an injec- 
tion-motor-rotational-speed detector for detecting rota- 
tional speed n | of the injection motor 53; 72 denotes a 
metering-motor-rotational-speed detector for detecting 
rotational speed n m of the metering motor 41 ; and 81 
denotes a screw position detector for detecting the posi- 
tion of the screw 12 (FIG. 2). 

[0051] The controller 62 includes an injection- 
motor- rotational-speed setting unit 73, subtracters 74 
and 78, a gain setting unit (-K) 75 serving as metering- 
motor-rotational-speed calculation means, and a meter- 
ing-motor-rotational-speed setting unit 77. 
[0052] Next, operation of the control circuit for the 
injection apparatus will be described. 
[0053] During a metering step, the metering-motor- 
rotational-speed setting unit 77 supplies a preset meter- 
ing-motor-rotational-speed command N^ to the sub- 
tracter 78. The subtracter 78 receives the metering- 
motor-rotational-speed command N M and the metering- 
motor-rotational-speed n M , calculates the deviation A 
n M between the metering-motor-rotational-speed com- 



mand N M and the metering-motor-rotational-speed n M , 
and sends the deviation A n M to the metering servo- 
amplifier 65 in the form of a current command l M . In this 
manner, the controller 62 drives the metering motor 41 . 

5 [0054] In an injection step, the screw speed Vs is 
changed in multiple steps in accordance with the screw 
position Sj (i = 1, 2, ...). For this operation, the screw- 
speed setting unit 66 generates screw speed command 
Vs oi (i = 1 , 2, ...) in accordance with the screw position 

w Sj , and sends the screw speed command Vs oj to the 
injection-motor-rotationai-speed setting unit 73. Upon 
reception of the screw speed command Vs 0 j, the injec- 
tion-motor-rotational-speed setting unit 73 generates an 
injection-motor-rotational-speed command N (i (i = 1 , 2, 

15 ...) in accordance with the screw speed command Vs oi , 
and sends the injection-motor-rotational-speed com- 
mand N n to the subtracter 74 and the gain setting unit 
75. The subtracter 74 receives the injection -motor-rota- 
tional-speed command N M and the i njection -motor- rota- 

20 tional-speed n, , calculates the deviation A n, between 
the injection-motor-rotational-speed command N|j and 
the injection-motor-rotational-speed n ( , and sends the 
deviation A nj to the injection servo-amplifier 64 in the 
form of a current command l| . In this manner, the con- 

25 troller 62 drives the injection motor 53. 

[0055] As the screw 12 is advanced, a reaction 
force is generated by resin accumulated in front of the 
screw head 27, and the load cell 52 is pressed via the 
pressure plate 34 and the drive shaft 35. At this time, 

30 distortion of the load cell 52 is converted to an electric 
signal. On the basis of the electric signal, an injection 
pressure is detected, and on the basis of the injection 
pressure, an injection force at which the screw 12 is 
pushed from its rear side is calculated. 

35 [0056] Incidentally, in the case in which the outer 
circumferential surface of the screw 1 2 and the inner cir- 
cumferential surface of the heating cylinder 1 1 are of 
equal surface roughness, when the screw 12 is rotated 
during the metering step, the resin within the groove 24 

40 (FIG. 1 ) rotates together with the screw 1 2 and does not 
advance. In order to avoid this problem, the inner cir- 
cumferential surface of the heating cylinder 1 1 is made 
rougher than the outer circumferential surface of the 
screw 12. 

45 [0057] However, since the inner circumferential sur- 
face of the heating cylinder 1 1 is made rougher than the 
outer circumferential surface of the screw 12, when the 
screw 12 is advanced, a large frictional resistance acts 
on the resin in the vicinity of the inner circumferential 

so surface of the heating cylinder 11 . In addition, since the 
state of the resin within the groove 24 changes while the 
resin moves from the resin supply section P1 to the 
compression section P2 and further to the metering 
section P3, the frictional resistance acting on the resin 

55 varies accordingly. 

[0058] In order to solve the above-described prob- 
lem, when the screw 1 2 is advanced through drive of the 
injection motor 53 during the injection step, the screw 
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1 2 is rotated in the reverse direction through drive of the 
metering motor 41 , whereby the apparent advancement 
speed of the flight 23 relative to the heating cylinder 11; 
i.e., the flight speed Vf, is made lower than the screw 
speed Vs. 

[0059] That is, the speed ratio 7 of the flight speed 
Vf to the screw speed Vs; i.e., 

y = Vf/Vs, 

is set to satisfy the following relation. 

Os y<1 

[0060] The flight-speed setting unit 68 sends to the 
gain setting unit 75 the speed ratio 7 which has been 
preset in the above-described manner. Upon reception 
of the injection-motor-rotational-speed command Nn, 
the gain setting unit 75 calculates and generates a 
metering-motor-rotational-speed command N R (i = 1, 2, 
...) serving as a flight speed command, in accordance 
with the screw position S| , while using the speed ratio y 
as a gain, and sends the metering-motor-rotational- 
speed command N Fi to the subtracter 78. The sub- 
tracter 78 receives the mete ring -motor-rotational-speed 
command N F( and the metering-motor-rotational-speed 
n M , calculates the deviation A n F between the metering- 
motor-rotational-speed command N F j and the metering- 
motor- rotational-speed n M , and sends the deviation A 
n F to the metering servo-amplifier 65 in the form of a 
current command l F • In this manner, the controller 62 
drives the metering motor 41 . It is to be noted that in 
place of the flight-speed setting unit 68, a screw-rota- 
tional-speed setting unit may be disposed. In this case, 
a screw rotational speed set by use of the screw-rota- 
tional-speed setting unit is supplied to the controller 62. 
The gain setting unit 75 and the subtracter 78 constitute 
flight speed control means, which performs flight speed 
control in order to control the flight speed Vf. 
[0061] In the above-described manner, during the 
injection step, the screw 1 2 is rotated at the screw rota- 
tional speed Nf. The above-described control may be 
modified such that the mete ring -motor-rotational-speed 
command N R is previously stored in the memory 67 and 
is read out therefrom in order to perform flight speed 
control. Alternatively, the control may be modified such 
that the metering-motor-rotational-speed command N Fi 
is previously stored in the memory 67 in the form of a 
rotational speed pattern, and the rotational speed pat- 
tern is read out therefrom in order to perform flight 
speed control. 

[0062] As described above, since the flight speed 
Vf is made lower than the screw speed Vs in the injec- 
tion step, resin slides along the outer circumferential 
surface of the screw 12 and stagnates on the inner cir- 
cumferential surface of the heating cylinder 1 1 . Accord- 
ingly, the fractional resistance acting on resin in the 
vicinity of the inner circumferential surface of the heat- 



ing cylinder 11 can be decreased. As a result, during 
the injection step, the injection force can be made to 
correspond to the injection pressure, so that a suffi- 
ciently large injection pressure can be generated. 

5 [0063] Further, even though the state of the resin in 
the groove 24 changes while the resin moves from the 
resin supply section P1 to the compression section P2 
and further to the metering section P3, the frictional 
resistance acting on the resin can be maintained con- 

10 stant, so that the injection pressure can be stabilized. 
Therefore, the mold inner pressure can be stabilized, 
whereby quality of molded products can be improved. 
[0064] Moreover, since the screw 12 is always 
rotated in the reverse direction during the injection step, 

15 the backflow prevention ring 28 is always biased toward 
the shut-off position. Accordingly, the possibility of the 
backflow prevention ring 28 being moved to the commu- 
nication position during the injection step due to recep- 
tion of an external force is eliminated, so that reverse 

20 flow of resin can be prevented. As a result, metering can 
be performed stably, whereby quality of molded prod- 
ucts can be improved. 

[0065] Since a sufficiently large injection pressure 
can be generated, the injection force can be decreased 

25 accordingly. Therefore, the size and cost of the injection 
apparatus can be reduced. In addition, since the fric- 
tional resistance decreases, the quantity of shear-gen- 
erated heat in resin decreases, so that burning of resin 
can be prevented. 

30 [0066] Next, operation of the injection apparatus will 
be described. 

[0067] Unillustrated communication control means 
of the controller 62 drives the metering motor 41 in the 
forward direction at time t1 to thereby rotate the screw 

35 1 2 in the forward direction at a screw rotational speed 
N1 for a period x1 . Accordingly, the backflow prevention 
ring 28 is rotated by an angle 9 relative to the screw 12, 
so that the backflow prevention ring 28 is positioned at 
the communication position in order to establish com- 

40 munication between the holes 28a and 29a. Subse- 
quently, a metering step is started at time t2 in order to 
perform metering operation. Specifically, unillustrated 
metering control means of the controller 62 drives the 
metering motor 41 in the forward direction to thereby 

45 rotate the screw 12 in the forward direction at a screw 
rotational speed N2 for a period x2. During this opera- 
tion, the backflow prevention ring 28 is placed at the 
communication position, so that the holes 28a and 29a 
communicate with each other. As a result, after the resin 

so is heated and melted by the heating cylinder 11 while 
being advanced along the groove 24, the resin flows for- 
ward through the holes 28a and 29a and is accumulated 
in front of the screw head 27. With the accumulation of 
the resin, the screw 12 is retracted. 

55 [0068] When the metering step is completed at time 
t3, unillustrated shut-off control means of the controller 
62 drives the metering motor 41 in the reverse direction 
at time t4 to thereby rotate the screw 12 in the reverse 
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direction at a screw rotational speed N3 for a period x 3. 
Accordingly, the backflow prevention ring 28 is rotated 
by an angle e relative to the screw 12, so that the back- 
flow prevention ring 28 is positioned at the shut-off posi- 
tion in order to break the communication between the 5 
holes 28a and 29a. 

[0069] Next, unillustrated first screw-advancement 
control means of the controller 62 drives the injection 
motor 53 at time t5 to thereby advance the screw 12 by 
a predetermined amount or distance. When the injec- 10 
tion pressure detected by the load cell 52 reaches a pre- 
set pressure at time t6, the screw 1 2 is stopped. For this 
operation, the injection -motor- rotational -speed setting 
unit 73 generates an injection-motor-rotational-speed 
command N )A , and sends the injection-motor- rota- 15 
tional-speed command N )A to the subtracter 74 and the 
gain setting unit 75. The subtracter 74 receives the 
injection-motor- rotational -speed command N )A and the 
injection-motor-rotational-speed n| , calculates the devi- 
ation A n !A between the injection-motor-rotational- 20 
speed command N )A and the injection -motor- rotational- 
speed n ( , and sends the deviation A n (A to the injection 
servo-amplifier 64 in the form of a current command l| A . 
In this manner, the controller 62 drives the injection 
motor 53 in the forward direction. Unillustrated refer- 25 
ence position setting means of the controller 62 regards 
as a reference position the screw position at which the 
screw 12 has been stopped at time t6 and stores the 
screw position in the memory 67. 

[0070] As described above, during the period 30 
between completion of the metering step and start of 
the injection step, the backflow prevention ring 28 is 
placed at the shut-off position; the screw 1 2 is advanced 
over a predetermined distance through drive of the 
injection motor 53 and is stopped when the injection 35 
pressure reaches the preset pressure; and the screw 
position at that time is regarded and stored as a refer- 
ence position. Therefore, the injection pressure at the 
time of starting the injection step does not involve varia- 
tion. Accordingly, neither sink marks nor burrs are 40 
formed on molded products, so that the molded prod- 
ucts have improved quality. 

[0071] As described above, since the inner circum- 
ferential surface of the heating cylinder 1 1 is made 
rougher than the outer circumferential surface of the 45 
screw 1 2, when the screw 1 2 is advanced to the refer- 
ence position after completion of the metering step, the 
relationship between the injection pressure and the 
position of the screw 12 changes if a large frictional 
resistance acts on resin in the vicinity of the inner cir- so 
cumferential surface of the heating cylinder 11. There- 
fore, even when the screw 12 is stopped when the 
injection pressure reaches the preset pressure, the 
stopped position of the screw 12 varies. As a result, the 
reference position varies, which lowers the quality of 55 
molded products. 

[0072] In order to avoid this problem, when the 
screw 12 is advanced during the period between times 
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t5 and t6 t the gain setting unit 75 and the subtracter 78 
drive the metering motor 41 in the reverse direction to 
thereby make the flight speed Vf lower than the screw 
speed Vs. 

[0073] Specifically, during the period between times 
t5 and t6, upon reception of the injection -motor-rota- 
tional-speed command N iA supplied from the injection- 
motor-rotational-speed setting unit 73 as well as the 
speed ratio 7, the gain setting unit 75 calculates a 
metering-motor-rotational-speed command Np A serving 
as a flight speed command, while using the speed ratio 
7 as a gain, and sends the metering-motor-rotational- 
speed command N FA to the subtracter 78. Upon recep- 
tion of the metering-motor- rotational-speed command 
Np A and the metering-motor-rotational-speed n M , the 
subtracter 78 calculates the deviation A n FA between 
the metering-motor-rotational-speed command N F a an d 
the metering-motor-rotational-speed n M , and sends the 
deviation A n FA to the metering servo-amplifier 65 in the 
form of a current command l FA * In this manner, the 
screw 12 is rotated in the reverse direction at the screw 
rotational speed Nf. The above-described speed ratio 7 
is set to satisfy the following relation as in the case of 
the injection step. 

0 s 7 < 1 

[0074] As described above, during the period 
between times t5 and t6; i.e., while the screw 12 is 
advanced over the predetermined distance, the flight 
speed Vf is rendered lower than the screw speed Vs, so 
that the resin slides along the outer circumferential sur- 
face of the screw 12 and stagnates on the inner circum- 
ferential surface of the heating cylinder 11. Accordingly, 
the frictional resistance acting on the resin in the vicinity 
of the inner circumferential surface of the heating cylin- 
der 1 1 can be reduced. 

[0075] As a result, the relationship between the 
injection pressure and the position of the screw 12 is 
prevented from changing. Therefore, when the screw 1 2 
is stopped when the injection pressure reaches the pre- 
set pressure, the stopped position of the screw 12 
becomes constant (i.e., is without variation). As a result, 
the reference position is prevented from varying, 
whereby the quality of molded products can be 
improved. 

[0076] Next, unillustrated suck-back means of the 
controller 62 drives the injection motor 53 in the reverse 
direction at time t7 in order to retract the screw 12 from 
the reference position by a predetermined distance, 
thereby effecting suck-back operation. 
[0077] Subsequently, an injection step is started at 
time t8. Specifically, unillustrated injection control 
means and second screw-advancement control means 
of the controller 62 drive the injection motor 53 in the 
forward direction in accordance with the injection-motor- 
rotational-speed command N n to thereby advance the 
screw 12 at a predetermined screw speed Vs by a pre- 
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set distance from the reference position. Thus, the resin 
accumulated in front of the screw head 27 is injected 
from the injection nozzle 1 3. At this time, a portion of the 
resin accumulated in front of the screw head 27 is apt to 
flow backward or move rearward. However, since the 
communication between the holes 28a and 29a is bro- 
ken, reverse flow of the resin in front of the screw head 
27 can be prevented. 

[0078] Accordingly, the quantity of resin charged 
into a mold during the Injection step can be stabilized, 
so that quality of molded products can be improved. 
Further, since the resin pressure within the flight portion 
21 during the injection step can be stabilized, metering 
can be performed stably in the metering step, whereby 
the thermal history of the resin can be stabilized and the 
temperature of the resin can be stabilized. The preset 
distance is calculated on the basis of a quantity of resin 
to be charged into the cavity of the mold, and a distance 
over which the screw 12 retracts during the suck-back 
operation. 

[0079] While the screw 12 is advanced in the injec- 
tion step, the gain setting unit 75 and the subtracter 78 
drive the metering motor 41 in the reverse direction in 
accordance with the metering-motor-rotational-speed 
command N R to thereby advance the flight 23 at the 
above-described flight speed Vf, which is apparently 
lower than the screw speed Vs. 

[0080] Incidentally, when the flight speed Vf is low- 
ered beyond a limit value which depends on the type of 
resin, there occurs a state in which even through the 
screw 12 advances, the resin stops substantially on the 
inner circumferential surface of the heating cylinder 11. 
As described above, in the injection step, the backflow 
prevention ring 28 is placed at the inuvw" position and 
the communication between the holes 28a and 29a is 
broken, so that the resin does not flow into the flight por- 
tion 21. Accordingly if the above-described state of the 
resin stopping on the inner circumferential surface of the 
heating cylinder 11 occurs, the resin pressure 
decreases in a region extending from the resin supply 
section P1 to the metering section P3; particularly in 
the vicinity of the front end of the flight portion 21 . As a 
result, metering operation is difficult to perform stably in 
the metering step, so that voids, stiver streaks, and the 
like are generated in molded products, which deterio- 
rate the quality of the molded products. 
[0081] In order to solve the above problem, a mini- 
mum value y M , N of the speed ratio y is set for each type 
of resin. In this case, the speed ratio yis set to be less 
than 1 but not less than the minimum value y min : e -9- 
in the range of 0.1 to 0.9. 

[0082] In the case in which the screw speed Vs is 
changed in a plurality of steps in accordance with the 
screw position, the flight speed Vf f 0 = 1, 2, ... ) is also 
changed in a plurality of steps and is set in accordance 
with the following equation: 



where VSj (i = 1, 2, ...) is a screw speed set at each 
screw position Sj (i = 1, 2, ...). 

[0083] Similarly, even in the case in which the screw 
speed Vs is maintained constant, or is changed in 

s accordance with a function such as a ramp function or 
an exponential function, the flight speed Vfj can be 
changed in accordance with the screw speed VSj . 
[0084] Subsequently, when the screw position Sj 
detected by the screw position detector 81 reaches a 

w predetermined value, the controller 62 changes its con- 
trol mode from speed control to pressure control, and 
performs pressure holding control on the basis of the 
above-described injection force. Subsequently, the con- 
troller 62 completes the injection step at time t9. 

15 [0085] In the present embodiment, a slight delay is 
provided between completion of forward rotation of the 
screw 1 2 for the period t1 and start of the metering step. 
However, the metering step may be started immediately 
after completion of forward rotation of the screw 12 for 

20 the period t1 . In the present embodiment, a slight delay 
is provided between completion of the metering step 
and start of reverse rotation of the screw 12. However, 
the reverse rotation of the screw 12 may be started 
immediately after completion of the metering step. In 

25 the present embodiment, a slight delay is provided 
between completion of the reverse rotation of the screw 
1 2 and start of advancement of the screw 1 2 at time t5. 
However, the advancement of the screw 12 may be 
started immediately after completion of the reverse rota- 

30 tion of the screw 1 2. In the present embodiment, a slight 
delay is provided between completion of the advance- 
ment of the screw 1 2 started at time t5 and start of suck- 
back operation. However, the suck-back operation may 
be started immediately after completion of the advance- 

35 ment of the screw 12. In the present embodiment, a 
slight delay is provided between completion of the suck- 
back operation and start of the injection step. However, 
the injection step may be started immediately after com- 
pletion of the suck-back operation. 

40 [0086] Next, the minimum value 7 min witl be 
described. 

[0087] In an exemplary case in which a resin of high 
viscosity such as polymethyl-methacrylate resin (meth- 
acrylic resin) is used for molding, when the speed ratio 
45 y falls within the range of : 

0.2 s y<1, 

the frictional resistance and resin pressure decrease as 
50 the flight speed Vf is reduced. When the speed ratio y 
falls within the range of: 

Osy< 0.2, 

55 the frictional resistance hardly changes even when the 
flight speed Vf is reduced; however, the resin pressure 
decreases and assumes a negative value when the 
flight speed Vf is reduced. 
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[0088] In another exemplary case in which a resin 
of low viscosity such as polyamide resin is used for 
molding, when the speed ratio yiaWs within the range of: 

0.5 s y < 1, 

the frictional resistance and resin pressure decrease as 
the flight speed Vf is reduced. When the speed ratio 7 
falls within the range of: 

0s y< 0.5, 

the frictional resistance hardly changes even when the 
flight speed Vf is reduced; however, the resin pressure 
decreases and assumes a negative value when the 
flight speed Vf is reduced. 

[0089] In view of the foregoing, when a resin of high 
viscosity such as polymethyl-methacrylate resin is used 
for molding, the speed ratio y is set to 0. 1 to 0. 3, pref- 
erably to about 0. 2, and when a resin of low viscosity 
such as polyamide resin is used for molding, the speed 
ratio y is set to 0. 4 to 0. 6, preferably to about 0. 5. This 
setting minimizes the frictional resistance, without ren- 
dering the resin pressure within the flight portion 21 
negative. 

[0090] Incidentally, the above -described operation 
may be modified as follows. The period x 3 (FIG. 5) is 
increased; the above-described shut-off control means 
is operated in the first half of the period t3 in order to 
move the backflow prevention ring 28 to the shut-off 
position; and unillustrated resin -pressure decreasing 
means of the controller 62 is operated in the second half 
of the period x3 in order to reduce by a predetermined 
amount the resin pressure in the vicinity of the forward 
end of the flight portion 21. In this case, since the fric- 
tional resistance acting on the resin can be reduced 
before start of the injection step, the injection pressure 
during the injection step can be stabilized more effec- 
tively. 

[0091] In addition, the following operation may be 
employed. In the injection step, the screw 12 is rotated 
in the reverse direction at a screw rotational speed Nf 
until a predetermined period of time has elapsed after 
start of advancement of the screw 12 in order to 
advance the flight 23 at a flight speed Vf which is appar- 
ently lower than the screw speed Vs; and after elapse of 
the predetermined period of time, the metering motor 41 
is stopped in order to advance the flight 23 at a flight 
speed Vf that is apparently equal to the screw speed Vs. 
[0092] In this case, although the frictional resist- 
ance due to static friction at the time of starting 
advancement of the screw 12 and the frictional resist- 
ance due to the dynamic friction immediately after start 
of the advancement of the screw 1 2 are large, the fric- 
tional resistance due to dynamic friction after a prede- 
termined period of time has elapsed after start of the 
advancement of the screw 12 is small. Therefore, if the 
friction resistance in the initial stage of advancement of 



the screw 12 can be reduced, the injection pressure 
after the initial stage can be stabilized without reverse 
rotation of the screw 1 2. In this case, since the period of 
time during which the metering motor 41 is driven 
5 decreases, the cost of operation of the injection appara- 
tus can be reduced. 

[0093] The present invention is not limited to the 
above-described embodiments. Numerous modifica- 
tions and variations of the present invention are possi- 
10 ble in light of the spirit of the present invention, and they 
are not excluded from the scope of the present inven- 
tion. 

Claims 

15 

1. An injection apparatus comprising: 

(a) a heating cylinder; 

(b) a screw disposed within the heating cylinder 
20 to be rotatable and reciprocatable, the screw 

having a flight portion in which a flight is formed 
on an outer circumference of a screw body, and 
a screw head disposed at a front end of the 
flight portion; 

25 (c) first drive means for rotating the screw; 

(d) second drive means for advancing and 
retracting the screw; 

(e) screw-advancement control means for driv- 
ing the second drive means in an injection step 

30 in order to advance the screw at a predeter- 

mined screw speed; and 

(f) flight speed control means for driving the 
first drive means in the injection step in order to 
advance the flight at a flight speed that is 

35 apparently lower than the screw speed. 

2. An injection apparatus according to claim 1, 
wherein 

40 (a) a backflow prevention ring is disposed to 

surround the screw head; and 
(b) upon rotation of the screw, the backflow pre- 
vention ring rotates by a predetermined 
amount relative to the screw head to assume a 

45 communication position in which a space on a 

front side of the screw head communicates 
with the flight portion, and a shut-off position in 
which the communication between the space 
on the front side of the screw head and the 

50 flight portion is broken. 

3. An injection apparatus according to claim 1, 
wherein the speed ratio of the flight speed to the 
screw speed is set to be less than 1 and not less 

55 than a minimum value set for a type of resin. 

4. An injection apparatus according to claim 1, 
wherein 
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(a) the screw speed is changed in a plurality of 
steps; and 

(b) the flight speed is changed in a plurality of 
steps in accordance with the screw speed. 

5. An injection apparatus according to claim 1 , further 
comprising: 

(a) shut-off control means for rotating the screw 
in a reverse direction in order to move the back- 
flow prevention ring to the shut-off position, in a 
first stage before start of the injection step; and 

(b) resin -pressure reduction means for rotating 
the screw in the reverse direction in order to 
reduce resin pressure within the flight portion, 
in a second stage before start of the injection 
step. 

6. An injection apparatus according to claim 1, 
wherein the flight speed control means advances 
the flight at a flight speed that is apparently lower 
than the screw speed until a predetermined period 
of time has elapsed after start of the injection step, 
and advances the flight at a flight speed that is 
apparently equal to the screw speed after elapse of 
the predetermined period of time. 

7. An injection apparatus comprising: 

(a) a heating cylinder; 

(b) a screw disposed within the heating cylinder 
to be rotatable and reciprocatable, the screw 
having a flight portion in which a flight is formed 
on an outer circumference of a screw body, and 
a screw head disposed at a front end of the 
flight portion; 

(c) first drive means for rotating the screw; 

(d) second drive means for advancing and 
retracting the screw; 

(e) first screw-advancement control means for 
driving the second drive means during a period 
between completion of a metering step and 
start of an injection step in order to advance the 
screw at a predetermined screw speed by a 
predetermined amount such that the screw is 
positioned at a reference position; 

(f) flight speed control means for driving the 
first drive means, during the advancement of 
the screw by the predetermined amount, in 
order to advance the flight at a flight speed that 
is apparently lower than the screw speed; and 

(g) second screw-advancement control means 
for driving the second drive means in the injec- 
tion step in order to advance the screw at a pre- 
determined screw speed. 

8. An injection apparatus according to claim 7, 
wherein the flight speed control means drives the 



first drive means during the injection step in order to 
advance the flight at a flight speed that is appar- 
ently lower than the screw speed. 

5 9. An injection apparatus according to claim 7, 
wherein the flight speed is zero. 

10. A method of controlling an injection apparatus, 
comprising the steps of: 

10 

(a) driving first drive means In a metering step 
in order to rotate a screw in a forward direction; 
and 

(b) driving second drive means in an injection 
75 step in order to advance the screw at a prede- 
termined screw speed and driving the first drive 
means in the injection step in order to advance 
a flight at a flight speed that is apparently lower 
than the screw speed. 

20 

11. A method of controlling an injection apparatus, 
comprising the steps of: 

(a) driving first drive means in a metering step 
25 in order to rotate a screw in a forward direction; 

(b) driving second drive means, during a period 
between completion of the metering step and 
start of an injection step, in order to advance 
the screw at a predetermined screw speed by a 

30 predetermined amount to thereby place the 

screw at a reference position; 

(c) driving the first drive means, during the 
advancement of the screw by the predeter- 
mined amount, in order to advance a flight at a 

35 flight speed that is apparently lower than the 

screw speed; and 

(d) driving the second drive means during the 
injection step in order to advance the screw at 
a predetermined screw speed. 

40 

12. A method of controlling an injection apparatus 
according to claim. 11, wherein the flight speed is 
zero. 
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